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(57) ABSTRACT

A semiconductor device is provided. The semiconductor
device includes a semiconductor substrate, and a memory cell
disposed on the semiconductor substrate. The memory cell
includes a selection transistor and a memory transistor. The
selection transistor includes a selection gate, a first source,
and a first drain. The memory transistor includes a floating
gate, a control gate, a second source, a second drain, and a first
insulating layer disposed between the floating gate and the
control gate. The semiconductor device further includes a
selection gate sidewall spacer disposed near an edge of a bit
line of'the selection gate of the selection transistor. The selec-
tion gate sidewall spacer is separated from the selection gate
by a second insulating layer. The selection gate sidewall
spacer and the control gate are formed of a first material.

15 Claims, 5 Drawing Sheets
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S101 : providing a semiconductor substrate, and forming a selection gate of
a selection fransistor and a floating gate (FG) of a memory transistor on
the semiconductor substrate

Y

8102 : forming an insulating layer covering the floating gate and the
selection gate

Y

5103 : depositing and etching a gate material laver to form a control gate
of the memory transistor and a selection gate sidewall spacer, whereby
the selection gate sidewall spacer is disposed near an edge of a bit line of
the selection gate of the selection transistor

FIG. 5
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-
cation No. 201410133597.7 filed on Apr. 3, 2014, the disclo-
sure of which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to the field of semiconductor
technology, and more particularly to a semiconductor device
and method of manufacturing the same.

2. Description of the Related Art

In the field of semiconductor technology, electrically eras-
able programmable read-only memory (EEPROM) is a type
of' non-volatile storage device that is widely used in comput-
ers, mobile phones and other electronic devices.

In high-speed and low operating voltage (Vec) applica-
tions, an EEPROM cell typically requires a highly negative
programming pulse (PGM) threshold voltage (Vt). For
example, a negative PGM Vt may range from -0.5Vto -1.5V,
and a highly negative PGM Vt may be less than —1.5V. From
a design standpoint, there are two ways to achieve a highly
negative PGM Vt. The first way is to increase the duration of
the programming pulse, but this is often incompatible with
back-end system end-customer (end-CTM) applications. The
second way is to use a high programming voltage (Vpp) to
increase the programming pulse (PGM) voltage. From a pro-
cess standpoint, the second way typically requires a high bit
line (BL) junction breakdown voltage (junction bvdss). Spe-
cifically, the junction breakdown voltage (junction bvdss)
refers to the breakdown voltage at a junction node formed
between the bit line (BL) and a connection point disposed
beneath the BL. The bitline (BL) junction breakdown voltage
may be adjusted and optimized using additional processing
such as ion implantation, thermal budget optimization, or by
adding a high-voltage (HV) spacer.

Therefore, in the prior art, additional processing is required
to achieve an EEPROM unit that has a highly negative pro-
gramming pulse (PGM) threshold voltage (Vt), and that is
able to meet back-end system (end-CTM) applications. How-
ever, the additional processing usually increases the process
complexity and costs of manufacturing the EEPROM unit.

SUMMARY

The present disclosure addresses at least the above defi-
ciencies in the prior art. Specifically, the present disclosure
provides a semiconductor device that has a highly negative
programming pulse (PGM) threshold voltage (Vt), and that
can be used in high-speed and low operating voltage (Vcc)
applications.

According to one embodiment of the inventive concept, a
semiconductor device is provided. The semiconductor device
includes a semiconductor substrate, and a memory cell dis-
posed on the semiconductor substrate. The memory cell
includes a selection transistor and a memory transistor. The
selection transistor includes a selection gate, a first source,
and a first drain. The memory transistor includes a floating
gate, a control gate, a second source, a second drain, and a first
insulating layer disposed between the floating gate and the
control gate. The semiconductor device further includes a

10

20

25

40

45

50

2

selection gate sidewall spacer disposed near an edge of a bit
line of'the selection gate of the selection transistor. The selec-
tion gate sidewall spacer is separated from the selection gate
by a second insulating layer. The selection gate sidewall
spacer and the control gate are formed of a first material.

In one embodiment, the first material may include polysili-
con.

In one embodiment, the selection gate sidewall spacer and
the control gate may be formed simultaneously.

In one embodiment, the first insulating layer and the sec-
ond insulating layer may be formed of a same insulating layer.

In one embodiment, the selection transistor and the
memory transistor may be formed having a common source
configuration.

In one embodiment, the selection gate and the floating gate
may be formed of a second material.

In one embodiment, the second material may include poly-
silicon.

In one embodiment, the selection gate sidewall spacer may
be disposed covering an upper portion of the selection gate.

In one embodiment, the semiconductor device may include
an electrically erasable programmable read-only memory
(EEPROM).

According to another embodiment of the inventive con-
cept, a method of manufacturing a semiconductor device is
provided. The method includes: providing a semiconductor
substrate; forming a selection gate of a selection transistor
and a floating gate of a memory transistor on the semicon-
ductor substrate; forming an insulating layer covering the
floating gate and the selection gate; and depositing and etch-
ing a gate material layer to form a control gate of the memory
transistor and a selection gate sidewall spacer, wherein the
selection gate sidewall spacer is disposed near an edge of a bit
line of the selection gate of the selection transistor.

In one embodiment, the selection gate sidewall spacer and
the control gate may be formed of polysilicon.

In one embodiment, the selection gate and the floating gate
may be formed of a same material.

In one embodiment, the selection gate and the floating gate
may be formed of polysilicon.

In one embodiment, the selection gate and the floating gate
may be formed simultaneously.

In one embodiment, the selection gate sidewall spacer may
be disposed covering an upper portion of the selection gate.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute a part of the specification, illustrate
different embodiments of the inventive concept and, together
with the detailed description, serve to describe more clearly
the inventive concept.

It is noted that in the accompanying drawings, for conve-
nience of description, the dimensions of the components
shown may not be drawn to scale. Also, same or similar
reference numbers between different drawings represent the
same or similar components.

FIG. 1 depicts a schematic cross-sectional view of an
EEPROM.

FIG. 2 depicts a schematic cross-sectional view of a semi-
conductor device according to an embodiment.

FIG. 3 is a plot of the PGM voltage-time curves for the
embodiment of FIG. 2 and the EEPROM of FIG. 1.

FIG. 4 is a comparison of the experimental results of the bit
line junction breakdown voltage between the embodiment of
FIG. 2 and the EEPROM of FIG. 1.
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FIG. 5is aflowchart illustrating a method of manufacturing
a semiconductor device according to an embodiment.

DETAILED DESCRIPTION

Various embodiments of the inventive concept are next
described in detail with reference to the accompanying draw-
ings. It is noted that the following description of the different
embodiments is merely illustrative in nature, and is not
intended to limit the inventive concept, its application, or use.
The relative arrangement of the components and steps, and
the numerical expressions and the numerical values set forth
in these embodiments do not limit the scope of the inventive
concept unless otherwise specifically stated. In addition,
techniques, methods, and devices as known by those skilled
in the art, although omitted in some instances, are intended to
be part of the specification where appropriate. It should be
noted that for convenience of description, the sizes of the
elements in the drawings may not be drawn to scale.

In the drawings, the sizes and/or relative sizes of layers and
regions may be exaggerated for clarity. Like reference numer-
als denote the same elements throughout.

It should be understood that when an element or layer is
referred to as “in”, “adjacent to”, “connected to”, or “coupled
to” another element or layer, it can be directly on the other
element or layer, adjacent, connected or coupled to the other
element or layer. In some instances, one or more intervening
elements or layers may be present. In contrast, when an ele-
ment is referred to as being “directly on”, “directly adjacent
t0”, “directly connected to”, or “directly coupled to” another
element or layer, there are no intervening elements present or
layer. It will be understood that, although the terms “first,”
“second,” “third,” etc. may be used herein to describe various
elements, the elements should not be limited by those terms.
Instead, those terms are merely used to distinguish one ele-
ment from another. Thus, a “first” element discussed below
could be termed a “second” element without departing from
the teachings of the present inventive concept. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
spatial relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments and is not intended to limit the
inventive concept. As used herein, the singular forms “a”,
“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “includes” and/or “includ-
ing”, when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.
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Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art, and should not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

Exemplary embodiments are described herein with refer-
ence to cross-sectional illustrations that are schematic illus-
trations of idealized exemplary embodiments (and interme-
diate structures) of the inventive concept. As such, variations
from the shapes of the illustrations as a result of, for example,
manufacturing techniques and/or tolerances, are to be
expected. Thus, the exemplary embodiments should not be
construed as being limited to the particular shapes of regions
illustrated herein, but may also include deviations in shapes
that result, for example, from manufacturing tolerances. The
regions illustrated in the figures are schematic in nature, and
their shapes are not intended to illustrate the actual shape of a
region of a device, and should not be construed to limit the
scope of the inventive concept.

It should be understood that the inventive concept is not
limited to the embodiments described herein. Rather, the
inventive concept may be modified in different ways to realize
different embodiments.

A semiconductor device according to an embodiment of
the inventive concept may be an EEPROM, and may also
include other devices besides the EEPROM.

FIG. 1illustrates the structure of an EEPROM. Referring to
FIG. 1, the EEPROM includes a semiconductor substrate 100
and a memory cell disposed on the semiconductor substrate
100. The memory cell includes a selection transistor 11 and a
memory transistor 12. The selection transistor 11 includes a
selection gate (SG) 1101, a source 1102, and a drain 1103.
The memory transistor 12 includes a floating gate (FG)
12011, a control gate (CG) 12012, a source 1202, a drain
1203, and an insulating layer 12010 disposed between the
floating gate (FG) 12011 and the control gate (CG) 12012. In
most instances (not shown), the EEPROM further includes a
bit line connected to the source 1102 of the selection transis-
tor 11.

Next, an exemplary semiconductor device will be
described with reference to FIG. 2. The semiconductor device
includes a semiconductor substrate 100 and a memory cell
disposed on the semiconductor substrate 100. The memory
cellincludes a selection transistor 11 and a memory transistor
12. The selection transistor 11 includes a selection gate (SG)
1101, a source 1102, and a drain 1103. The memory transistor
12 includes a floating gate (FG) 12011, a control gate (CG)
12012, a source 1202, a drain 1203, and an insulating layer
12010 disposed between the floating gate (FG) 12011 and the
control gate (CG) 12012. In some embodiments, the
EEPROM further includes a bit line connected to the source
1102 of the selection transistor 11.

The embodiment of FIG. 2 differs from the EEPROM of
FIG. 1 as follows. In the embodiment of FIG. 2, the semicon-
ductor device further includes a selection gate side-wall
spacer 11011 disposed near an edge of the bit line of the
selection gate 1101 of the selection transistor 11. The selec-
tion gate side-wall spacer 11011 is separated from the selec-
tion gate 1101 by the insulating layer 12010. In one embodi-
ment, the selection gate side-wall spacer 11011, and the
control gate (CG) 12012 of the memory transistor 12, may be
made of a same material, for example, polysilicon. Since the
selection gate side-wall spacer 11011 and the control gate
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(CG) 12012 are made of the same material, the selection gate
side-wall spacer 11011 and the control gate (CG) 12012 can
thus be formed simultaneously using the same process (i.e.
without requiring additional process steps).

In some embodiments, the selection gate side-wall spacer
11011 and the selection gate 1101 may be separated by
another insulating layer (that is different from the insulating
layer 12010). In some embodiments, a bottom portion of the
selection gate side-wall spacer 11011 may be formed in direct
contact with the semiconductor substrate 100. In some other
embodiments, the selection gate side-wall spacer 11011 may
be separated from the semiconductor substrate 100 by an
insulating layer.

In the semiconductor device according to an embodiment,
since the selection gate side-wall spacer 11011 is disposed
near an edge of the bit line and is disposed in contact with the
semiconductor substrate 100, the junction breakdown voltage
(junction bvdss) of the bit line can be increased, thereby
improving the programming pulse threshold voltage.

In one embodiment, the selection transistor 11 and the
memory transistor 12 may be formed having a common
source configuration. For example, the drain 1103 of the
selection transistor 11, and the source 1202 of the memory
transistor 12, may be used by both the selection transistor 11
and the memory transistor 12, as shown in FIG. 2. The com-
mon source configuration uses less area on the semiconductor
substrate 100, and therefore reduces the form factor of the
semiconductor device.

In one embodiment, the selection gate 1101 of the selection
transistor 11 and the floating gate (FG) 12011 of the memory
transistor 12 may be made of the same material, for example,
polysilicon.

In one embodiment, the selection gate side-wall spacer
11011 is formed covering an upper portion of the selection
gate 1101. In particular, by covering the upper portion of the
selection gate 1101 with the selection gate side-wall spacer
11011, the junction breakdown voltage (junction bvdss) of
the bit line can be increased.

It should be noted that the exemplary semiconductor
device is not limited to the above-described embodiments.
For example, in some other embodiments, the semiconductor
device may include word lines and other components.

FIG. 3 is a plot of the PGM voltage-time curves for the
embodiment of FIG. 2 and the EEPROM of FIG. 1. The PGM
voltage-time curves can be obtained from experimental
results. As shown by the dotted circled region in FIG. 3, the
programming pulse threshold voltage (negative program-
ming pulse) in the embodiment of FIG. 2 is greater than the
programming pulse threshold voltage of the EEPROM of
FIG. 1 by about 0.5 V. Accordingly, the embodiment of FIG.
2 is more suited to high-speed and low operating voltage
applications compared to the EEPROM of FIG. 1.

FIG. 4 illustrates a comparison of the experimental results
of the bit line junction breakdown voltage between the
embodiment of FIG. 2 and the EEPROM of FIG. 1. Referring
to the FIG. 4, the bit line junction breakdown voltage of the
embodiment of FIG. 2 is greater than the bit line junction
breakdown voltage of the EEPROM of FIG. 1 by about 2V,
which gives the programming voltage (Vpp) a voltage margin
of'about 1V, and thus provides significant improvement to the
programming pulse threshold voltage. Accordingly, the
embodiment of FIG. 2 has a higher negative (improved) pro-
gramming pulse threshold voltage compared to the EEPROM
of FIG. 1. Accordingly, the exemplary semiconductor device
may be used in high-speed and low operating voltage appli-
cations.
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According to the above embodiment of the inventive con-
cept, the semiconductor device includes the selection gate
side-wall spacer 11011. The selection gate side-wall spacer
11011 is disposed near an edge of the bit line of the selection
gate 1101 of the selection transistor 11, and in contact with the
semiconductor substrate 100. The selection gate side-wall
spacer 11011 is also made of the same material as the control
gate (CG) 12012. Accordingly, the junction breakdown volt-
age (junction bvdss) of the bit line can be increased, thereby
improving the negative programming pulse (PGM) threshold
voltage (V1) of the EEPROM unit. Compared to the prior art,
the exemplary semiconductor device has higher bit line
breakdown voltage, and also higher negative programming
pulse (PGM) threshold voltage (Vt). Accordingly, the exem-
plary semiconductor device may be used in high-speed and
low operating voltage (Vcc) applications.

Next, a method of manufacturing a semiconductor device
according to an embodiment will be described in detail with
reference to FIG. 5. The method includes the following steps.

In Step A1, a semiconductor substrate is provided. A selec-
tion gate (SG) of a selection transistor and a floating gate (FG)
of a memory transistor are formed on the semiconductor
substrate. The selection gate (SG) and the floating gate (FG)
may be made of a same material and formed using a same
process. For example, the selection gate (SG) and the floating
gate (FG) may be made of polysilicon or other appropriate
materials. However, the inventive concept is not limited
thereto. In some alternative embodiments, the selection gate
(SG) and the floating gate (FG) may be fabricated in different
process steps. In those alternative embodiments, the selection
gate (SG) and the floating gate (FG) may be made of a same
material or different materials.

InStep A2, an insulating layer is formed covering a floating
gate (FG) of the memory transistor and a selection gate of the
selection transistor. In one embodiment, a same insulating
layer is formed covering the floating gate (FG) and the selec-
tion gate. In an alternative embodiment, different insulating
layers are forming covering the floating gate (FG) and the
selection gate. In those alternative embodiments, a first insu-
lating layer may be formed covering the floating gate (FG)
and a second insulating layer may be formed covering the
selection gate.

In Step A3, a gate material layer is deposited and etched to
form a control gate (CG) of the memory transistor and a
selection gate sidewall spacer. The selection gate sidewall
spacer is disposed near an edge of a bit line of the selection
gate of the selection transistor. In one embodiment, the gate
material layer may be made of polysilicon. Nevertheless, it
should be noted that the control gate and the selection gate
sidewall spacer may be made of other appropriate materials.

In one embodiment, the selection gate sidewall spacer may
be disposed covering an upper portion of the control gate.

A method of manufacturing a semiconductor device
according to an embodiment has been described above with
reference to Steps Al through A3. However, the inventive
concept is not limited to the above and may include additional
semiconductor processing steps known to those skilled in the
art. The additional steps may include steps for forming
sources, drains, bit lines, etc. Since the additional steps are
known to those skilled in the art, a detailed description of
those steps will be omitted. Furthermore, it should be noted
that some of the above steps may be omitted or modified in
various ways by those skilled in the art.

A semiconductor device formed using the above exem-
plary method includes forming the selection gate sidewall
spacer at the same time when forming the control gate (CG) of
the memory transistor. The selection gate sidewall spacer is
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disposed near an edge of a bit line of the selection gate of the
selection transistor. As a result, no additional processing step
is required to form the selection gate sidewall spacer. Also,
the selection gate sidewall spacer may be made of the same
material as the control gate (CG). Accordingly, the junction
breakdown voltage (Junction bvdss) of the bit line can be
increased, thereby improving the negative programming
pulse (PGM) threshold voltage (Vt) of the EEPROM unit.

FIG. 5is aflowchart illustrating a method of manufacturing
a semiconductor device according to an embodiment. The
method of FIG. 5 may include some or all of the previously-
described Steps Al through A3. Specifically, the method of
FIG. 5 includes the following steps.

Step S101: providing a semiconductor substrate, and form-
ing a selection gate of a selection transistor and a floating gate
(FG) of a memory transistor on the semiconductor substrate.

Step S102: forming an insulating layer covering the float-
ing gate and the selection gate.

Step S103: depositing and etching a gate material layer to
form a control gate of the memory transistor and a selection
gate sidewall spacer. The selection gate sidewall spacer is
disposed near an edge of a bit line of the selection gate of the
selection transistor.

It is noted that the semiconductor device of FIG. 2, or a
semiconductor device manufactured using the method of
FIG. 5, may be incorporated into an electronic apparatus. As
previously mentioned, the exemplary semiconductor devices
have higher bit line breakdown junction voltage and higher
negative programming pulse (PGM) threshold voltage (V1)
compared to the semiconductor devices in the prior art.
Therefore, the electronic apparatus including the exemplary
semiconductor devices would inherit the above desirable
characteristics. The exemplary semiconductor devices can be
formed on an integrated circuit that is then incorporated into
the electronic apparatus. The electronic apparatus may
include mobile phones, tablet PCs, laptops, netbooks, game
consoles, TVs, VCD players, DVD players, navigation sys-
tems, cameras, video cameras, voice recorders, MP3/MP4
players, PSPs, and any other electronic products or devices.

Embodiments of a semiconductor device and a method of
manufacturing the semiconductor device have been described
in the foregoing description. To avoid obscuring the inventive
concept, details that are well-known in the art may have been
omitted. Nevertheless, those skilled in the art would be able to
understand the implementation of the inventive concept and
its technical details in view of the present disclosure.

Different embodiments of the inventive concept have been
described with reference to the accompanying drawings.
However, the different embodiments are merely illustrative
and are not intended to limit the scope of the inventive con-
cept. Furthermore, those skilled in the art would appreciate
that various modifications can be made to the different
embodiments without departing from the scope of the inven-
tive concept.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor substrate;

a memory cell disposed on the semiconductor substrate,
wherein the memory cell includes a selection transistor
disposed on a first region of the semiconductor substrate
and a memory transistor disposed on a second region of
the semiconductor substrate, wherein the first region and
the second region are spaced apart by a third region of
the semiconductor substrate,

the selection transistor including a selection gate, a first
source, and a first drain disposed on the third region of
the semiconductor substrate,
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the memory transistor including a floating gate, a control
gate disposed over the floating gate, a second source
disposed on the third region of the semiconductor sub-
strate, a second drain, and a first insulating layer dis-
posed between the floating gate and the control gate; and

a selection gate sidewall spacer disposed near an edge of a

bit line of the selection gate of the selection transistor,
wherein the selection gate sidewall spacer is separated
from the selection gate by a second insulating layer, and
wherein the selection gate sidewall spacer and the con-
trol gate are formed of a first material.

2. The semiconductor device according to claim 1, wherein
the first material includes polysilicon.

3. The semiconductor device according to claim 1, wherein
the selection gate sidewall spacer and the control gate are
formed simultaneously.

4. The semiconductor device according to claim 1, wherein
the first insulating layer and the second insulating layer are
formed of a same insulating layer.

5. The semiconductor device according to claim 1, wherein
the selection transistor and the memory transistor are formed
having a common source configuration.

6. The semiconductor device according to claim 1, wherein
the selection gate and the floating gate are formed of a second
material.

7. The semiconductor device according to claim 6, wherein
the second material includes polysilicon.

8. The semiconductor device according to claim 1, wherein
the selection gate sidewall spacer is disposed covering an
upper portion of the selection gate.

9. The semiconductor device according to claim 1, wherein
the semiconductor device includes an electrically erasable
programmable read-only memory (EEPROM).

10. A method of manufacturing a semiconductor device,
comprising:

providing a semiconductor substrate;

forming a selection gate of a selection transistor on a first

region of the semiconductor substrate;

forming a floating gate of a memory transistor on a second

region of the semiconductor substrate;

forming a first insulating layer covering the floating gate

and the selection gate;

forming a control gate of the memory transistor over the

floating gate; and

forming a selection gate sidewall spacer near an edge of a

bit line of the selection gate of the selection transistor,
wherein the selection gate sidewall spacer is separated
from the selection gate by a second insulating layer, and
wherein a first drain of the selection transistor and a second
source of the memory transistor are disposed on a third
region of the semiconductor substrate.

11. The method according to claim 10, wherein the selec-
tion gate sidewall spacer and the control gate are formed of
polysilicon.

12. The method according to claim 10, wherein the selec-
tion gate and the floating gate are formed of a same material.

13. The method according to claim 12, wherein the selec-
tion gate and the floating gate are formed of polysilicon.

14. The method according to claim 12, wherein the selec-
tion gate and the floating gate are formed simultaneously.

15. The method according to claim 10, wherein the selec-
tion gate sidewall spacer is disposed covering an upper por-
tion of the selection gate.
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